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METHODS FOR THE TREATMENT OF CANCER 

BACKGROUND OF THE INVENTION 

[001] The treatment of cancer has thus far proved problematic. While "cancers" 
share many characteristics in common, each particular cancer has its own specific 
characteristics. Genetics and environmental factors have a complex interplay in 
severity and prognosis of treatment Thus, treatment must be carefully tailored. 

[002] Certain pharmaceutical treatments have proved useful for one form of 
cancer, but not others (Hollard and Frei, et al, Cancer Medicine, 4th ed. Publisher 
Williams & Wilkens). Other treatments such as radiation, while partially useful for a 
range of cancers, do not typically result in a complete cure. Indeed, given the severity 
of many cancers and the mortality rate, a drug can be deemed successful if it improves 
quality of life, e.g., by delaying growth of tumors, or prolongs life — without actually 
curing the condition. Thus, in many circumstances, an individual is treated with a 
compound or combination of treatments that can eliminate 90-95% of the malignant 
cells, but the remaining cells can regrow and metastasize, ultimately resulting in 
death. 

[003] No single drug or drug combination is curative for advanced metastatic 
cancer and patients typically succumb to the cancers in several years. Thus, new 
drugs or combinations that can prolong onset of life-threatening tumors and/or 
improve quality of life by further reducing tumor-load are very important. 

SUMMARY OF THE INVENTION 

[004] The present invention relates to a method for treating a mammalian 
tumor/cancer using a polyene macrolide antibiotic selected from the group consisting 
of Filipin, Candicidin, Pimaricin, Nystatin, Etruscomycin and Candidin. 
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[005] The present invention further relates to a method for treating a 
mammalian tumor/cancer using a polyene macrolide antibiotic and a cholesterol 
lowering agent, e.g., statin. Preferred cholesterol lowering agents are pravastatin, 
simvastatin, lovastatin, fluvastatin, cerivastatin, atorvastatin, mevastatin, bile acid 
sequestrants; nicotinic acid, fenofibric acid derivatives, fibrates andprobucol. 

[006] Preferred cancers for treatment using the methods of the present invention 
include prostate, breast, cervical, renal and epidermal carcinoma of the mouth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[007] Figure 1 demonstrates membrane lipid rafts in prostate cancer cells. 
LNCaP cells and PC-3 cell lysates were subjected to a successive detergent extraction 
method (SDEM) and equal amounts of protein from the Triton-soluble (S) and Triton- 
insoluble (I) fractions were electrophoresed on 4-20% gradient SDS-polyacrylamide 
gels, electrotransferred and immunoblotted with antibodies for the indicated proteins. 

[008] Figures 2A and B show that EGFR signaling occurs in a lipid raft 
membrane compartment LNCaP cells were seeded on poly-L-lysine coated 6-well 
plates overnight and starved for 16-20 h in serum-free medium. Mock- or filipin 
(2jig/ml) -pretreated cells were incubated in serum-free medium with or without 
cholesterol/cyclodextrin (Cholesterol) complexes for 1 h at 37°C followed by EGF 
treatment for 20 min. (Figure 2A). All cells were subjected to SDEM and the I- and S- 
fractions analyzed by immunoblot. p-EGFR indicates EGFR phosphorylated on 
Yl 173 detected with a phospho-specific Ab. Cell viability measured by Trypan blue 
exclusion 1 h after treatment of cells with filipin (Figure 2B). 

[009] Figures 3 A-C show that membrane cholesterol in lipid rafts mediates 
EGFR- and PI3K-dependent survival signals. Apoptosis was quantified by TUNEL in 
combination with flow cytometry (Figure 3 A). LNCaP cells were seeded 24 h before 
treatments in 6-well plates at a density of 2-4x1 0 5 /well. Conditions shown are: 20 h in 
serum-free medium (SFM); 20^iM LY294002 (LY); 20^iM LY294002 with lOng/ml 
EGF treatment (LY+E); 2^g/ml filipin for 1 h (F); filipin treatment as (F) with 
lOng/ml EGF for 20 h (F+E); treatment with 2|ag/ml filipin and 



2 



WO 03/086418 



PCT/US03/10972 



cyclodextrin/cholesterol complexes (C) for 1 h, followed by incubation with serum- 
free medium containing 20uM LY294002 and lOng/ml EGF for 20 h (F+C+LY+E). 
Quantitative measurement of DNA fragmentation was performed with a cell death 
detection ELISA kit (Figure 3B). Cells were treated as in Figure 3 A. The results 
shown in Figure 3B are averages of two independent experiments. All standard 
deviations are <10% of the values shown. Assessment of oligonucleosomal DNA 
fragmentation, as an indicator of filipin-induced apoptosis (Figure 3C). LNCaP cells 
were pretreated without (lane 1) or with 0.5, lug/ml filipin (lane 2 & 3) for 1 h. Cells 
were then cultured in fresh serum-free medium for another 20 h. LY294002 (20 uM, 
lane 4) treatment time was 20 h in serum free medium. After extraction, precipitated 
DNAs were separated in 1.8% agarose gels and visualized by digital capture of the 
ethidium bromide staining pattern. 

[001 0] Figures 4A-F show that membrane cholesterol, not caveolin- 1 , is a key 
mediator of EGFR— » Aktl signaling. LNCaP cells were used for all experiments 
shown. Prior to challenge with EGF (2 or 20 ng/ml), some groups of cells were 
treated with filipin (2ug/ml) {lanes 7-12) for 1 h. Other cells {lanes 4-6, 10-12) were 
subsequently incubated with cyclodextrin/cholesterol complexes (Cholesterol) for 1 h 
to replete cholesterol (Figure 4A). In this and subsequent panels, lysates were isolated 
following the various treatments and processed for immunoblot analysis. p-Akt refers 
to aphosphorylated form of Aktl detected with a phospho-specific Ab (Ser-473). 
Cells were serum-starved overnight, then pretreated with 5mM cyclodextrin for the 
indicated times {lanes 1-6), or treated for 1 h with varying concentrations of 
cyclodextrin {lanes 7-10), then treated immediately afterward with vehicle or with 
5ng/ml EGF (Figure 4B). Cells were either mock-treated or treated with varying doses 
of filipin as indicated for 1 h followed by 5ng/ml EGF treatment (Figure 4C). Serum- 
containing medium was removed and cells were treated immediately with 2ug/ml 
filipin alone under serum-free conditions for the times shown (Figure 4D). No change 
in EGFR or Aktl phosphorylation was observed when serum was removed and cells 
were not treated with filipin (not shown). Caveolin- 1 transfected LNCaP cells 
(LNCaP-Cav-1) were fractionated into I- and S-fractions as above and 
immunoblotting was performed with anti-caveolin-1 monoclonal antibody (Figure 
4E). LNCaP-Cav-1 cells and PC-3 cells were mock-treated or treated with 2ug/ml 
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filipin for 1 h at 37°C (Figure 4F). Prior to the collection of cell lysates and 
immunoblot analysis, cells were stimulated with 5 ng/ml EGF for 20 min at 37°C. 

[001 1 ] Figures 5A and B show that statin drug treatment reduces the cholesterol 
contents in the lipid rafts of LNCaP PCa cells. LNCaP cells were incubated in serum 
free medium either in the absence (Control) or presence of statin drug (10 jiM 
simvastatin) overnight at 37oC. After the simvastatin treatment some LNCaP cells 
were incubated with cyclodextrin/cholesterol complex (^cholesterol) at 37oC for 1 
hour. The cells were harvested and fractioned by sucrose gradient ultra-centrifugation • 
as shown in Figure 5A. The fraction between 10%-20% sucrose (Lanes 5-7 in part A 
is the lipid raft fraction enriched in the raft markers Gia2 and flotillin-2) was 
collected and the concentrations of cholesterol and protein were determined. The 
graph in Figure 5B represents the ratio cholesterol (mg)/ protein (mg) vs. treatment 
condition in the lipid raft fraction ±SD from triplicate determinations. * p< 0.001 in a 
two-tailed Student's t test for control vs. simvastatin treatment and simvastatin 
treatment vs. simvastatin + cholesterol treatment. 

[0012] Figures 6A-F show that statin drug (simvastatin) treatment down- 
regulates Akt phosphorylation by lipid raft disruption and induces apoptosis. LNCaP 
cells were used for all experiments shown. The immunoblot shown in 6A 
demonstrates that raft disruption following cholesterol synthesis inhibition results in 
an inability to activate Akt via the EGF receptor (EGFR). Prior to challenge with EGF 
(20 ng/ml), cells were treated with simvastatin (5 jj,M) or mock treated for the 
indicated time. Cell lysates were isolated following the various treatments and 
processed for immunoblot analysis. p-Akt= phosphorylated form of Akt detected with 
a phospho-specific Ab (Ser-473). The experiments shown in Figures 6B and C 
demonstrate that statin drug treatment causes apoptosis in PCa cells, which is reversed 
by lipid raft reconstitution via membrane cholesterol repletion. In these experiments 
the apoptosis of cells treated with simvastatin or mode-treated, with or without raft 
reconstitution, was quantified by cell death detection ELISA (Roche). Cells were 
either mock-treated or treated with various doses of simvastatin as indicated for 16 
hours and the amount of apoptosis was quantified by ELISA and is graphically 
represented as absorbance at 405nm-490nm vs. dose of statin drug±SD from triplicate 
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determinations (Figure 6B). The cells were treated either in simvastatin (Sim; \0\xM) 
or simvastatin (Sim) and cyclodextrin/cholesterol complex (+cholesterol) for 4 hours 
and the amount of apoptosis was quantified by ELISA (Figure 6C). The graph in 6C 
represents the ratio of apoptosis in the treatment group/control group vs. treatment 
condition ±SD from triplicate determinations. The experiments shown in Figures D-F 
demonstrate that statin drug treatment causes apoptosis in PCa cells, which is reversed 
by lipid raft reconstitution via membrane cholesterol repletion. In these experiments 
the apoptosis of cells treated with simvastatin or mock-treated was quantified by flow 
cytometry (Figure D and E) or by ELIZA (Figure 6F). In figure 6D and E cells were 
treated with 10 mM simvastatin (6D) or with simvastatin and soluble cholesterol 
complex (6E) for 16 hours and assayed for apoptosis via propidium iodide (PI) 
staining and flow cytometry. Graphs are plotted as cell # vs. PI staining intensity 
(log) and are representative of 2 independent experiments. Cells were incubated with 
or without 10 \xM simvastatin at 37oC for the indicated time (Figure 6F). The level of 
apoptosis was quantified by ELISA and is graphically represented as absorbance at 
405nm-490nm vs. treatment time (days)±SD from triplicate determinations. 

[0013] Figure 7 shows that cholesterol depletion by statin drug treatment does 
not cause apoptosis in normal prostatic cells. Human primary culture prostate 
epithelial cells were treated with various concentrations simvastatin or were mock 
treated as indicated at 37oC for 16 hours. Subsequently the cells were lysed and 
apoptosis was quantified by cell death detection ELISA (Roche). 

[0014] Figure 8 shows that a high-cholesterol diet does not increase mouse 
weight 

[0015] Figure 9 demonstrates serum cholesterol in mice fed different diets. 

[0016] Figures 10A-C show that high levels of serum cholesterol are associated 
with greater tumor incidence in the LNCaP xenograft PCa model. Mice were fed with 
either a normal mouse chow diet, a high cholesterol mouse chow diet or were injected 
peritoneally with P407 (0.5 g/kg)(a surfactant) every other day (Figure 10A). The 
venous blood from the mice were collected after 2 weeks and the serum cholesterol 
was determined. The data is presented as serum cholesterol (mg/dL) vs. treatment 
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group ±SD. Normal diet group (n=8), high cholesterol diet group (n=5) and P407 
group (n=5). 2x1 0 6 cells per site were injected with Matrigel under the skin of SCID 
mice. The graphs illustrate tumor take, defined as the number of tumors formed as a 
percentage of number of sites injected vs. treatment group (Figure 10B). Xenograft 
tumors were dissected from the mice fed either a normal mouse chow diet or a high 
cholesterol mouse chow diet . The lipid rafts were isolated by sucrose gradient ultra- 
caitrafugation. The cholesterol was extracted and the amount determined by a 
cholesterol assay kit (Sigma). The graphs (Figure 10C) represent cholesterol contents 
in lipid rafts (mg cholesterol/ mg protein) vs. group. (n=4). * p< 0.01 (two-tailed 
Student's t test) 

[0017] Figure 1 1 shows that a high-cholesterol diet increases prostate cancer 
growth. 

[001 8] Figures 1 2 A-D show that greater levels of Akt activation and less 
apoptosis are present in the xenograft PCa tumors of mice with high dietary (serum) 
cholesterol. Tumors from both normal (n=4) and high (n=4) serum cholesterol 
animals were snap frozen, sectioned (5|im) and mounted on the slides (Figure 12A). 
The anti-phospho-Akt (Ser-473) antibody (1 :100) was used to detect the status of Akt 
activation on the sections. One representative image from normal and high serum 
cholesterol groups are shown (original magnifications: x400). The optical intensities 
of the image were counted automatically with PC-controlled software. The values 
shown in the lower panel of 12A (12C) are mean signal intensity/mm2 ± s.e.m. vs. 
diet group (* p< 0.05 Student's two-tailed t test). The frozen sections were also used 
to determined the apoptotic status in the xenograft tumors from normal (n=3) and high 
(n=4) serum cholesterol animals, using a Roche Cell Death in situ Detection Kit 
(original magnification: x200). The fluorescence represents the condensed nuclei 
from the apoptosis cells (Figure 12B). The graph (12D) is presented as % apoptotic 
cells (apoptotic cells/total cells) ± s.e.m. vs. diet group (* p< 0.05 Student's two-tailed 
ttest). 

[0019] Figures 13 and 14 show the gross pathology of the tumor-implanted mice. 

[0020] Figures 1 5 shows the individual tumors. 
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[0021] Figure 16 is a H&E section of tumors from normal cholesterol diet and 
high cholesterol diet mice. 

DETAILED DESCRIPTION 

[0022] This present invention provides treatment for cancers, including breast, 
cervical, renal, prostate and epidermal carcinoma of the mouth using methods which 
employ administration of a polyene marcolide antibiotic. Preferred antibiotics include 
Filipin, Candicidin, Pimaricin, Nystatin, Etruscomycin and Candidin. See, Norman et 
al., Polyene antibiotic - sterol interaction, Adv Lipid Res. 1976;14:127-70. 

[0023] The present invention further relates to a polyene antibiotic in 
combination with a statin or other cholesterol lowering agents, e.g., a bile acid 
sequestrant (e.g., ezetimbe), nicotinic acid, fenofibric acid derivatives, fibrates and 
probucol. 

[0024] As used herein, "polyene (macrolide) antibiotics" mean a compound that 
include a macrocyclic lactone ring with various ketonic and hydroxl functions 
glycosidically bound to deoxysugars. Preferred polyene antibiotics for use in the 
present invention include amphotericin A, amphotericin B, candicidin, nystatin, 
perimycin, filipin and pimaricin. 

[0025] As used herein, the phrase "statin" means an inhibitor of HMG CoA 
reductase (as the lactone pro-drug or the free acid) including, for example, 
pravastatin, simvastatin, lovastatin, fluvastatin, cerivastatin, atorvastatin, and 
mevastatin. Pravastatin and lovastatin are preferred statins. 

[0026] Preferably, the cancers treated are breast, ovarian, prostate, lung, colon 
and melanoma. More preferably, the cancer is prostate. 

[0027] The compounds can be administered by any means known in the art. 
Such modes include oral, rectal, nasal, topical (including buccal and sublingual) or 
parenteral (including subcutaneous, intramuscular, intravenous and intradermal) 
administration. 
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[0028] For ease to the patient oral administration is preferred. However, 
typically oral administration requires a higher dose than an intravenous 
administration. Thus, depending upon the situation - the skilled artisan must 
determine which form of administration is best in a particular case - balancing dose 
needed versus the number of times per month administration is necessary. 

[0029] Under the therapies described here, the polyene macrolide antibiotic 
administered to a patient in at least one dose in the range of 10 to 500,000 ng per 
kilogram body weight of recipient per day, more preferably in the range of 1000 to 
50,000 |ig per kilogram body weight per day, most preferably in the range of 5000 to 
25,000 jig per kilogram body weight per day. The desired dose is suitably 
administered once or several more sub-doses administered at appropriate intervals 
throughout the day, or other appropriate schedule. These sub-doses may be 
administered as unit dosage forms, for example, containing 1 to 20,000 jig, preferably 
10 to 10,000 jig per unit dosage form. 

[0030] As with the use of other chemotherapeutic drugs, the individual patient 
will be monitored in a manner deemed appropriate by the treating physician. 
Typically, no additional drug treatments will occur until, for example, the patient's 
neutrophil count is at least 1500 cells/mm 3 . Dosages can also be reduced if severe 
neutropenia or severe peripheral neuropathy occurs, or if a grade 2 or higher level of 
mucositis is observed, using the Common Toxicity Criteria of the National Cancer 
Institute. 

[0031] The combination therapy agents, polyene antibiotic and statin or 
cholesterol lowering agent, described here may be administered singly or in a cocktail 
containing both agents or one of the agents with other therapeutic agents, including 
but not limited to, immunosuppressive agents, potentiators and side-effect relieving 
agents. 

[0032] The pharmaceutical compositions of this invention may be in the dosage 
form of solid, semi-solid, or liquid such as, e.g., suspensions, aerosols or the like. 
Preferably the compositions are administered in unit dosage forms suitable for single 
administration of precise dosage amounts. The compositions may also include, 
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depending on the formulation desired, pharmaceutically-acceptable, nontoxic carriers 
or diluents, which are defined as vehicles commonly used to formulate 
pharmaceutical compositions for animal or human administration. The diluent is 
selected so as not to affect the biological activity of the combination. Examples of 
such diluents are distilled water, physiological saline, Ringer's solution, dextrose 
solution, and Hank's solution. In addition, the pharmaceutical composition or 
formulation may also include other carriers, adjuvants, or nontoxic, nontherapeutic, 
nonimmunogenic stabilizers and the like. Effective amounts of such diluent or carrier 
will be those amounts which are effective to obtain a pharmaceutical^ acceptable 
formulation in terms of solubility of components, or biological activity, and the like. 

[0033] In therapeutic applications, the dosages of the agents used in accordance 
with the invention vary depending on the agent, the age, weight, and clinical condition 
of the recipient patient, and the experience and judgment of the clinician or 
practitioner administering the therapy, among other factors affecting the selected 
dosage. Generally, the dose should be sufficient to result in slowing, and preferably 
regressing, the growth of the tumors and most preferably causing complete regression 
of the cancer. An effective amount of a pharmaceutical agent is that which provides 
an objectively identifiable improvement as noted by the clinician or other qualified 
observer. Regression of a tumor in a patient is typically measured with reference to 
the diameter of a tumor. Decrease in the diameter of a tumor indicates regression. 
Regression is also indicated by failure of tumors to reoccur after treatment has 
stopped. 

[0034] This invention further includes kits for the treatment of cancer patients 
comprising a vial of the polyene antibiotic and cholesterol lowering agent at the doses 
provided above. Preferably, the kit contains instructions describing their use in 
combination. 

[0035] The documents mentioned herein are incorporated herein by reference. 

[0036] It is understood that the foregoing detailed description and the following 
examples are illustrative only and are not to be taken as limitations upon the scope of 
the invention. Various changes and modifications to the disclosed embodiments, 
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which will be apparent to those skilled in the art, may be made without departing from 
the spirit and scope of the present invention. Further, all patents, patent applications 
and publications cited herein are incorporated herein by reference. 
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EXAMPLE 1 

Materials and Methods 
Cell Culture 

[0037] Human PCa cell lines LNCaP and PC-3 were purchased from the 
American Type Culture Collection (ATCC; Rockville, MD). Both cell lines were 
cultured in RPMI 1640 supplemented with 10% heat-inactivated FBS. LNCaP cells 
transfected with the plasmid pcDNA-Cav-1 or with an empty vector were cultured in 
media containing 300 ng/ml G418 as described(20). Details of specific cell treatments 
are described in the figure legends. 

Antibodies and Reagents 

[0038] The following monoclonal antibodies (mAb's) and polyclonal antibodies 
(pAb's) were used: anti-EGFR pAb (Santa Cruz Biotech, Santa Cruz, CA); anti- 
phosphorylated EGFR mAb, anti-Gia3 pAb (Calbiochem, La Jolla, CA); anti- 
caveolin-1 mAb (clone 2297), anti-caveolin pAb, anti-Fyn mAb (clone 25) 
(Transduction Labs, San Diego, CA); anti-Akt pAb, anti-phosphorylated Akt pAb 
(Cell Signaling, Beverly, MA). Human recombinant EGF and HB-EGF were 
purchased from R&D (Minneapolis, MN)- Filipin, cholesterol and cyclodextrin were 
from Sigma (St. Louis, MO). 

Successive Detergent Extraction of Lipid Rafts 

[0039] Extraction of Triton-soluble and -insoluble membrane constituents was 
performed essentially as described (18). In brief, cells were resuspended in buffer A 
(25mM 2-[N-morpholino]-ethanesulfonic acid [MES]; 150 mM NaCl, pH 6.5). To 
this, an equal volume of the same buffer with 2% Triton X-100, 2 mM Na 3 V0 4 , and 
2mM phenylmethylsulfonyl fluoride (PMSF) was added, and the cells were incubated 
on ice for 30 min. Insoluble fractions were pelleted in a microcentrifuge (14,000g) for 
20 min at 4°C. The supernatant was removed ("S" (soluble) fraction) and the 
insoluble pellet was resuspended in buffer B (1% Triton X-100, 10 mM Tris, pH 7.6; 
500 mM NaCl, 2 mM Na 3 V0 4 , 60 mM p-octylglucoside [Sigma], and ImM PMSF) 
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for 30 min on ice. Debris was pelleted in a microcentrifuge (14,000g) for 20 min at 
4°C, and the supernatant was collected. This fraction is referred to as "I" (insoluble). 
This method of successive detergent extraction is referred to as SDEM. 
Immunoblotting was performed as described (14). 

Apoptosis Assays 

[0040] A quantitative sandwich ELISA was performed to measure mono- and 
oligonucleosomes in the cytoplasmic fraction of cell lysates according to the 
manufacturer's manual (Cell death detection ELISA) (Roche, Indianapolis, IN). 
Briefly, 1 .5-2.0x1 0 5 cells/well were seeded in 6-well plates for 24 h, cell lysates were 
collected after various treatments as indicated, and the amount of histone-associated 
DNA fragments was quantified by spectrophotometric measurement of peroxidase 
activity retained in the immunocomplex (415nm) against the substrate solution as a 
blank (490nm). Apoptosis was also evaluated by the TUNEL method, using the In 
Situ Cell Death Detection Kit (Roche, Indianapolis, IN). Briefly, 1.5-2.0xl0 5 
cells/well were seeded in 6-well plates for 24 h and cells were collected by scraping. 
Cells were fixed in 4% paraformaldehyde, permeabilized, and DNA labeled with 
fluorescein using the TUNEL reaction mix. The percentage of apoptotic cells was 
determined by flow cytometry. Apoptosis induced by filipin was confirmed by the 
ladder genomic DNA fragmentation assay as described (14). Briefly, cells (8.5 x 10 5 ) 
seeded in 6-cm dishes for 3 d in 10% FBS RPMI medium were cultured in serum free 
media and subjected to various treatments (see figure legends). Subsequently the cell 
DNA was extracted, precipitated, separated in 1.8% agarose gels and visualized by 
ethidium bromide staining. The image in Figure 3C was generated using AlphaEase 
software (Alpha Innotech Corp., San Leandro, CA) and a PC-controlled 
transilluminator. 

Results and Discussion 

[0041] LNCaP cells obtained from ATCC were lysed and fractionated into 
Triton-soluble (S) and Triton-insoluble/octylglucoside-soluble (I for "insoluble") 
fractions. Under the lysis conditions used in these experiments, lipid raft/caveolae 
components partition into the I-fraction (18). A comparison between LNCaP cells and 
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caveolin-positive PC-3 human PCa cells revealed that the Src family kinase, Fyn, and 
the heterotrimeric G-protein subxinit Gia3, both shown previously to partition into 
lipid raft/caveolae microdomains (13, 18, 19), were similarly distributed and enriched 
in the I-fraction of both cell types (Figure 1). Caveolin-1 partitioned nearly 
completely (>95%) into theTriton-insoluble/octylglucoside-soluble fraction in PC-3 
cells, validating that the I-firaction consisted of the components of caveolae and 
related lipid rafts as expected. Caveolin monomers, which migrate in the 21-24 kDa 
MW range in SDS-PAGE gels, were not detected in the LNCaP cells used in these 
studies, consistent with some previous reports (9, 20). (LNCaP cell variants 
expressing caveolin-1 have also been reported (21)). These findings indicate that 
LNCaP cells possess a lipid raft compartment that is not dependent on the presence of 
caveolin-1. 

[0042] EGFR-mediated activation of the PI3K/Akt signaling pathway has been 
shown to promote cell survival in LNCaP and other cell types, suggesting an 
important role for this signaling system in PCa progression (22). Because EGFR 
activation was demonstrated to be regulated by lipid rafts in other cell types (23), we 
investigated their possible biological function in regulating EGFR signaling in LNCaP 
cells. Serum-starved cells were treated with EGF and levels of total and 
phosphorylated forms of the EGFR were examined in S- and I-fractions. EGFR was 
predominantly located in the S-fraction (Figure 2). In fact, the EGFR was nearly 
undetectable in the I-fraction (on overexposed immunoblots a small amount of EGFR 
could be visualized in the I-fraction [data not shown]). Importantly, ligand-induced 
phosphorylation of EGFR (on Tyr 1 173) was predominantly seen in the I-fraction 
(Figure 2), although EGF treatment did not appear to cause detectable redistribution 
of EGFR. 

[0043] To further investigate the involvement of lipid rafts in EGFR signaling, 
LNCaP cells were treated with the raft-disrupting agent, filipin, a polyene macrolide 
that binds cholesterol with high specificity (24-26). Filipin has been shown repeatedly 
to disrupt lipid raft-dependent signaling and transport events (27-29). Filipin 
pretreatment (2jig/ml), suppressed ligand-dependent EGFR phosphorylation in the I- 
fraction. After reconstitution of the raft domains with cholesterol, EGFR 
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phosphorylation recovered to the levels observed in cells not treated with filipin 
(Figure 2), suggesting that EGFR signaling is mediated by lipid rafts. 

[0044] To determine whether EGFR/lipid raft signaling can mediate a pro- 
survival effect in LNCaP cells, EGFR-dependent cell survival was evaluated. 
Previous studies have shown that cell survival in LNCaP cells is enhanced by EGFR 
activation when apoptosis is stimulated by PI3K inhibitors (14). Consistent with 
published data, the PI3K inhibitor LY294002 triggered apoptosis in LNCaP cells, and 
the apoptotic effect of this drug was reversed by treatment with EGF (Figure 3). 
Surprisingly, filipin alone stimulated apoptosis to a similar extent as the PI3K 
inhibitor, suggesting that disrupting the cholesterol-rich rafts not only interferes with 
EGFR signaling but also inhibits a critical cell survival pathway that is operating 
constitutively. The filipin effect was not due to membrane permeabilization because, 
at the doses used in these experiments, 100% of the cells excluded Trypan blue 1 h 
after treatment (Figure 2). Under conditions in which cells were treated with filipin, 
EGF pretreatment did not protect the cells from the apoptotic stimulus. In contrast, 
when membrane cholesterol was repleted following filipin treatment, the protective 
effect of EGF was again observed. 

[0045] The Aktl serine-threonine kinase is a prominent prosurvival signaling 
protein that is both downstream from EGFR activation and constitutively upregulated 
in LNCaP cells. Given the strong inhibitory effects of filipin on EGFR activation, and 
its ability to stimulate apoptosis, we hypothesized that filipin exerts a negative effect 
on Aktl activity. Aktl phosphorylation increased in response to 20 ng/ml EGF 
(Figure 4A), consistent with a previous report from our group (14). EGF-induced 
Aktl phosphorylation was substantially reduced in cells treated with 2|ig/ml filipin. 
Significantly, both constitutive and EGF-induced EGFR and Aktl phosphorylation 
were decreased with filipin treatment in a dose- and time-dependent fashion (Figure 
4A, C, D>. Therefore, although the EGFR axis was affected by this agent, the 
inhibitory effect of filipin on Aktl phosphorylation was not dependent on stimulation 
with exogenous EGF, a result that is consistent with the apoptosis results shown in 
Fig. 3. Similar inhibitory effects on Aktl phosphorylation were also demonstrated 
after membrane cholesterol was depleted with cyclodextrin, another cholesterol- 
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binding drug (Figure 4B). After cell membranes were loaded with cholesterol to 
reconstitute the raft microdomains, constitutive and EGF-induced levels of 
phosphorylated Aktl were restored in filipin- (Figure 4A, compare lanes 7-9 vs. 10- 
12) and cyclodextrin- (not shown) treated cells. Cholesterol repletion alone (in the 
absence of EGF and/or filipin) did not induce changes in Aktl phosphorylation, and 
total Aktl levels did not change with any of the treatments described above. These 
experiments were repeated with another EGFR ligand, HB-EGF, and similar results 
were obtained (data not shown). These findings indicate that EGFR-* Aktl signaling, 
as well as constitutive signaling through Aktl, appear to be under partial control of a 
cholesterol-rich membrane domain in LNCaP cells. This result is intriguing because 
Aktl is believed to be stably activated in cells (such as LNCaP) that do not express a 
functional PTEN phosphatase. Our findings here indicate that despite stable up- 
regulation of Aktl activity in a PTEN-null background, this kinase still remains partly 
dependent on an upstream, cholesterol-dependent signaling mechanism. 

[0046] Caveolin-negative LNCaP cells stably transfected with caveolin-1 were 
used to determine whether expression of this protein, which is functionally involved 
in structural organization and cell signaling through caveolar lipid rafts (13), alters the 
apparent regulatory role of membrane cholesterol demonstrated above. Transfected 
caveolin-1 partitioned into the I-fraction as anticipated (Figure 4E). Filipin treatment 
suppressed ligand-induced EGFR and Aktl phosphorylation in both caveolin- 
transfected LNCaP cells and in PC-3 cells (Figure 4F). In PC-3 cells, which express 
high levels of endogenous caveolin (Figure 1), the levels of total and phosphorylated 
EGFR and Aktl were very similar to those seen in the wild-type LNCaP cells, which 
do not express caveolins. In addition, the inhibitory effect of filipin treatment was also 
indistinguishable between the caveolin-expressing cells and unmodified LNCaP cells. 
These findings indicate that caveolin-1 does not regulate, nor does the presence of 
caveolin in the I-fraction alter, the effects of lipid raft disruption on the EGFR— »Akt 
pathway in these cell types. 

[0047] Our findings are the first to identify an important role for membrane 
cholesterol in the transmission of cell survival signals through the EGFR->PI3K/Aktl 
pathway. We show that, in LNCaP cells, cholesterol-rich lipid rafts appear to be 
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important for constitutive signaling through the Aktl kinase, which is up-regulated in 
this cell line because the PTEN phosphatase is inactive. Since activation of PI3K/Akt 
signaling is thought to be an important, clinically relevant attenuator of apoptotic 
signals in PCa and other human malignancies, our current study suggests that, despite 
the absence of PTEN, signaling through Aktl is still subject to down-regulation via 
alteration of membrane composition. This result suggests the possibility that targeting 
membrane cholesterol is a rational means for therapeutically down-regulating this 
pathway. This hypothesis is supported by published evidence demonstrating that 
polyene macrolide sterol-binding compounds, including filipin, significantly reduced 
prostate glandular hyperplasia in dogs by up to 75% with no toxicity (30). This effect, 
which was highly tissue-specific (possibly because the prostate accumulates high 
levels of cholesterol), may be the result of disruption of cholesterol-mediated cell 
survival mechanisms. The presence or absence of caveolin-1 did not detectably alter 
the dependence of EGFR and Akt phosphorylation on cholesterol on intact lipid rafts, 
suggesting that the EGFR/PI3K/Akt cell survival axis is not dependent on the 
expression of caveolin proteins and, further, that down-regulation of this mechanism 
can be accomplished in caveolin-positive cells. Caveolin-1 expression has recently 
been linked to aggressive PCa (9, 31). Our studies provide a new mechanistic 
framework for the exploration of a role for cholesterol as a mediator of PCa 
development and progression. 

[0048] Observations of cholesterol and other lipids accumulating in solid tumors, 
including PCa, have a long history (3). In this regard it is interesting to point out that 
circulating cholesterol is a major source of plasma membrane cholesterol as a result of 
cellular absorption of lipoprotein from serum and, further, that membrane levels of 
cholesterol can be substantially modified by diet (32). Rates of PCa progression are 
significantly affected by exogenous factors, including a Western diet, consumption of 
red meat and/or dietary fat (2). These observations may be related to the present 
findings that cholesterol-rich membrane microdomains regulate a survival function in 
human PCa cells. Furthermore, our observations may help provide a mechanistic 
link between cholesterol-rich diets and certain other diseases in which high- 
cholesterol, high-fat diets have been historically and epidemilogically associated. 
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EXAMPLE 2 

[0049] Figures 5-7 show the results of tissue culture experiments performed 
using the LNCaP human prostate tumor cells. These data demonstrate that a statin 
drug (i.e. simvastatin) causes decreased levels of cholesterol in the lipid raft 
compartment (isolated by sucrose density ultracentrifiigation) (Figure 5), reduced Akt 
activation (Figure 6A), and increased apoptosis in prostate tumor cells (Figures 6B-F), 
but not in normal prostate epithelial cells (Figure 7). These data, in general, support 
our contention that membrane cholesterol targeting is one way of treating prostate 
tumors. These data strongly support our stated contention that polyene macrolides in 
combination with statins maybe an effective method to treat cancer, especially that of 
the prostate. 

[0050] Figures 8-16 show the results of experiments using our LNCaP tumor cell 
ectopic xenograph/SCID mouse model showing that increasing the amount of 
cholesterol (from 0% in normal diet to 1.25% in high cholesterol diet) in their diet 
does not cause an increase in weight (Figure 8), but does raise serum cholesterol 
(Figures 9 and 10A) and tumor lipid raft membrane cholesterol (Figure 10C). It also 
shows that whether serum cholesterol is raised by a high cholesterol diet or by use of 
a surfactant (Figures 10A and B) implanted prostate tumors 'take' better (Figure 10B) 
and grow faster (Figure 1 1). These data also show that the mechanism underlying this 
effect of high serum cholesterol is related to our in vitro experiments, as the tumors 
show increased Akt activation (Figure 1 1 A) and decreased apoptosis (Figure 1 IB). 
Figures 13-16 show the gross pathology of the tumor-implanted mice (Figures 13 and 
14), and individual tumors (Figures 15 and 16). Figure 16 is a H&E section of tumors 
from normal cholesterol diet and high cholesterol diet mice. Thus, we can reasonably 
infer from these data that cholesterol modulating drugs or drugs that target cholesterol 
are useful in the treatment of cancer. 

[0051] The references cited below and throughout the specification are 
incorporated herein by reference. 
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